Abstract: Alumina/5 vol % SiC micro-nanocomposites were produced by slip-casting and pressureless sintering. The dispersion of alumina and SiC particles in water using an electrosteric dispersant was studied for different solid contents. Although the rheological and granulometry measurements showed that the optimum amount of Darvan C for well-dispersing 50 wt % dry matter slurries was 0.20 vol %, this content was increased to 1.00 vol % in order to avoid the demixing of SiC nanoparticles during shaping. Well densified (>99%) alumina-SiC pressureless sintered materials were obtained at 1800 • C-2 h in which SiC nanoparticles occupied inter/intragranular positions. The creep behaviour of these materials was examined at 1200 • C under stresses ranging from 70 to 140 MPa. A good creep resistance in alumina-SiC materials was obtained demonstrating that the use of less expensive conventional sintering methods is possible and highlighting the importance of the dispersion step.
Introduction
Following the first work of Niihara and his co-workers [1] , ceramic nanocomposites have been extensively studied due to their excellent mechanical properties. The concept of nanocomposites, which involves the incorporation of some fine particles into a host matrix, has been applied successfully in many ceramic systems that have already developed better mechanical properties (strength, hardness, toughness and creep resistance). Two types of nanocomposite microstructures have been described by Niihara: (1) "nano-nano" or a dispersion of two nanophases and (2) "micro-nano" or a dispersion of fine inclusions into a micro-sized matrix.
Niihara and his co-workers revealed that the dispersion of 5 vol % nanometer-sized SiC particles into alumina matrix results in substantial improvement of the strength (up to 1 GPa) and an increase from 3.25 to 4.70 MPa √ m of the fracture toughness. Subsequently, many researchers have shown the good creep behavior of the alumina/SiC nanocomposites compared to pure monolithic alumina [2] [3] [4] [5] . Nakahira et al. [5] carried out flexure creep experiments on an alumina/17 vol % SiC nanocomposite and a monolithic alumina at 1100 • C to 1400 • C under a constant load of 100 MPa. They found that the creep rate of nanocomposites was four orders of magnitude lower than that of the monolithic. Ohji et al. [2] conducted tensile and flexure creep tests for alumina/SiC nanocomposites and monolithic alumina with the same alumina grain size in the temperature range of 1200-1300 • C and under stresses of 50-150 MPa. They revealed that the minimum creep rate of the nanocomposites was three orders of magnitude lower and the creep life was 10 times longer than that of monolithic alumina. Since then,
Materials and Methods
Alumina powder (CR1 from Baikowski, Poisy, France; d 50 = 1 µm) with a very low amount of Mg (<1 ppm) was used as matrix raw material. In order to investigate the effect of the size of SiC into the creep behavior, two powders (UF25 from Starck, Selb, Germany; d 50 = 450 nm and Marketech International, Port Townsend, WA, USA; d 50 = 60 nm) were selected as starting materials. Manufacturer's data of these materials are shown in Table 1 . An ammonium salt of polymethacrylic acid (NH 4 -PMAA) (Darvan C, 25 wt % aqueous solution) was used as an anionic dispersant and its amount was adjusted according to the dry wt % of alumina. Initially, to process alumina/5 vol % SiC micro-nanocomposites from homogeneous slurries, dispersion conditions were optimized. Slurries containing 5 vol % of SiC were ball-milled 48 h in distilled water using Al 2 O 3 grinding media, solid loadings ranging from 50 to 70 wt % and Darvan C content from 0.06 to 1.00 vol %. Subsequently, slurries were degassed under vacuum for few minutes and slip-casted over alumina plaster plates using PVC moulds (70 × 35 × 15 mm in the case of materials for creep characterization or 20 mm in diameter-5 mm height for studying the sintering behaviour). Slip-casted samples were then dried (24 h at ambient temperature then 48 h at 50 • C) and sintered under argon in a conventional graphite furnace. During the thermal treatment, debinding was first performed under vacuum at 1 • C/min up to 600 • C for 1 h followed by sintering under argon atmosphere at 10 • C/min up to 1800 or 1860 • C for 2 h. Green densities were estimated geometrically. Final bulk densities were determined by Archimedes' method using distilled water and three different weight measurements (dried mass, mass in water and mass embedded in water) according to the C373-88 ASTM standard test method. The relative density was obtained by correlating the bulk density with the theoretical density of an alumina/5 vol % SiC mixture. Microstructural features of sintered samples were examined on selected materials by scanning electron microscopy (SEM) (ESEM FEG XL-30, FEI, Hillsboro, OR, USA) on polished and thermally etched surfaces (1400 • C for 20 or 45 min, under argon). Grain size was estimated by means of the linear intercept method, from at least 500 grains counts without using any multiplying factor. As discussed later, the use of SiC Marketech on the development of creep-resistant composites was compromised because of its poor sinterability through conventional sintering. Nevertheless, we deem necessary to report here the attempts we made to disperse this new powder in order to show the limitations encountered.
To study the suspension rheological behavior, a viscometer fitted with a concentric cylinder measuring head was used (Haake Rotovisco RV-12, Malvern Instruments, Worcrstershire, United Kingdom). NaOH and HCl were used to adjust the pH of suspensions. A given quantity of the slurry was placed into the viscosimeter and the cylinder resistance to rotation was measured. The shear rate was scanned from zero to 1500 s −1 in 2 min and, after a dwell of 1 min, the scan was realized from 1500 s −1 to zero. Granulometric measurements were taken in water using a laser system apparatus (Mastersizer 2000, Malvern Instruments, Worcrstershire, United Kingdom ) equipped with a liquid sample unit (MS 519, Malvern Instruments, Worcrstershire, United Kingdom), from some slurry drops. The zeta potential of particles was determined by the electrophoretic method, using an apparatus with a quartz cell (Zetasizer Nano-ZS, Malvern Instruments, Worcrstershire, United Kingdom).
Creep tests were carried out in air in a 4-point-bending fixture at 1200 • C under stresses ranging from 70 to 140 MPa using a testing machine developed in our laboratory. Specimens were parallelepipeds with the following dimensions: b (sample width) 4 mm, w (sample height) 3 mm and l (sample length) 40 mm. The tensile faces were polished with diamond paste down to 3 µm and the edges were chamfered (about 45 • ). The 4-point bending fixture made of alumina has an outer and inner span of L = 36 mm and L = 18 mm respectively. During the test, the deflection at the center of the sample was measured with a LVDT sensor (linear variable differential transformer, precision of 1 µm). The flexural stress on the tensile face was calculated by using the following expression:
where P is the applied load, L the outer span, L the inner span, b the sample width, and w the sample height.
The creep strain ε was calculated from the deflection y at the center of the specimen, assuming no major cracking in the specimen as proposed by Hollenberg et al. [18] :
with
and n the stress exponent. Furthermore, the steady-state creep rate can be expressed by the following equation:
where A is a material constant, σ the applied stress, d the grain size, p the grain size exponent, Q the activation energy for creep, R the gas constant and T the absolute temperature. From the K(n) expression (Equation (3)), it is clear that this constant depends on n but also on the outer and inner span. Nevertheless, when L/L is close to 2, K(n) becomes almost insensitive to the n value. In this manner the creep strain ε can be calculated from Equations (2) and (3) with a supposed n value. If the determined and experimental ε values are too different, calculations are realized again by setting another n value and so on. The creep exponent n was evaluated in a steady-state creep region from the slope of the straight line obtained when plotting the strain rate . ε versus the flexural stress (σ) on a log-log plot.
Results and Discussion

Alumina and SiC Powders Dispersion
The first part of this study aimed to establish the best dispersion conditions with the purpose of produce aqueous slurries for slip-casting. In order to identify the most promising processing procedure, powders were characterized and the possibility of applying a purely electrostatic dispersion rejected. The effect of using a dispersant and slightly destabilizing systems was studied and discussed below.
3.1.1. Determination of the Isoelectric Point (IEP) and the Effect of Darvan C Figure 1 shows zeta potential evolution of alumina CR1, SiC UF25 and SiC Marketech powders as a function of pH. For alumina powder and, as expected, the IEP was located near pH 8. Moreover, this powder could be dispersed electrostatically, without adding a dispersant, at very acidic or basic conditions since high values of the zeta potential were obtained (>30 mV for a pH between 4 and 6 or <−30 mV above 9.5). For SiC powders, IEPs were located at pHs of 3.2 (UF25) and 5.3 (Marketech) and surface charges were <−30 mV for pH values above 5.5 (UF25) or 6.5 (Marketech). The magnitude of the zeta potential is directly related to the magnitude of repulsive forces. For small zeta potentials the repulsive force is small, such that overall the van der Waals attractive force dominates and so aggregates form. However, with larger zeta potentials the repulsive force between particles is larger than the van der Waals attractive force, hence preventing particles from aggregation. These results indicate that in the absence of dispersants, our binary powder systems (alumina/SiC) could be dispersed at pH > 9.5, since measured zeta potentials were high.
Nevertheless, as for zeta potential measurements slurries were highly diluted, a different behavior can be obtained in non-diluted systems (>50 wt % dry matter). For this reason, the behavior of the slurry main constituent (alumina) was corroborated by means of viscosity measurements performed on alumina 50 wt % dry matter suspensions, ball-milled for 48 h in distilled water. Figure 2 shows the variation of the apparent viscosity of alumina slurries prepared at different pH for a shear rate of 300 s −1 , without and with Darvan C. In the first case, the viscosity reaches a maximum towards a pH of 9, validating the value close to 8 (IEP ~ 8) found from zeta potential measurements. For pH values below and above 8.8, the viscosity of the slurries decreases, indicating that particles are increasingly well dispersed thanks to the surface charges. From these results, the true IEP of CR1 concentrated alumina suspensions (50 wt % dry matter) is located near 9. Indeed, the high viscosity indicates that particles flocculate at this point [19] . A common problem of applying pure electrostatic stabilization when dispersing two different materials is the difficulty of finding a pH range where both powder surfaces develop important charges of the same sign. Consequently, a dispersant is often added to suspensions especially if they contain very fine particles [12] .
The second curve in Figure 2 reveals the shift of the IEP to the acidic pH range (~9.0 to 5.5) when using a dispersant [20] . The IEP diminution is related to the Darvan C adsorption at the surface of particles, which gives to them a more negative charge [21] . As a result, the more negatively charged surfaces require a larger number of H + ions to neutralize the charge and the IEP will shift to the acidic region [22] and stabilize at a given pH value [21] . Regarding SiC powders, several studies have shown that the interaction of SiC particles with polyelectrolytes also decreases the IEP [21] . In this study we did not characterized the influence of adding Darvan C on the IEP of SiC powders but we can expect a better dispersability because of an IEP shift to pH values below 3.2 (SiC UF25) or 5.3 (SiC Figure 2 shows the variation of the apparent viscosity of alumina slurries prepared at different pH for a shear rate of 300 s −1 , without and with Darvan C. In the first case, the viscosity reaches a maximum towards a pH of 9, validating the value close to 8 (IEP~8) found from zeta potential measurements. For pH values below and above 8.8, the viscosity of the slurries decreases, indicating that particles are increasingly well dispersed thanks to the surface charges. From these results, the true IEP of CR1 concentrated alumina suspensions (50 wt % dry matter) is located near 9. Indeed, the high viscosity indicates that particles flocculate at this point [19] . Figure 2 shows the variation of the apparent viscosity of alumina slurries prepared at different pH for a shear rate of 300 s −1 , without and with Darvan C. In the first case, the viscosity reaches a maximum towards a pH of 9, validating the value close to 8 (IEP ~ 8) found from zeta potential measurements. For pH values below and above 8.8, the viscosity of the slurries decreases, indicating that particles are increasingly well dispersed thanks to the surface charges. From these results, the true IEP of CR1 concentrated alumina suspensions (50 wt % dry matter) is located near 9. Indeed, the high viscosity indicates that particles flocculate at this point [19] . A common problem of applying pure electrostatic stabilization when dispersing two different materials is the difficulty of finding a pH range where both powder surfaces develop important charges of the same sign. Consequently, a dispersant is often added to suspensions especially if they contain very fine particles [12] .
The second curve in Figure 2 reveals the shift of the IEP to the acidic pH range (~9.0 to 5.5) when using a dispersant [20] . The IEP diminution is related to the Darvan C adsorption at the surface of particles, which gives to them a more negative charge [21] . As a result, the more negatively charged surfaces require a larger number of H + ions to neutralize the charge and the IEP will shift to the acidic region [22] and stabilize at a given pH value [21] . Regarding SiC powders, several studies have shown that the interaction of SiC particles with polyelectrolytes also decreases the IEP [21] . In this study we did not characterized the influence of adding Darvan C on the IEP of SiC powders but we can expect a better dispersability because of an IEP shift to pH values below 3.2 (SiC UF25) or 5.3 (SiC A common problem of applying pure electrostatic stabilization when dispersing two different materials is the difficulty of finding a pH range where both powder surfaces develop important charges of the same sign. Consequently, a dispersant is often added to suspensions especially if they contain very fine particles [12] .
The second curve in Figure 2 reveals the shift of the IEP to the acidic pH range (~9.0 to 5.5) when using a dispersant [20] . The IEP diminution is related to the Darvan C adsorption at the surface of particles, which gives to them a more negative charge [21] . As a result, the more negatively charged surfaces require a larger number of H + ions to neutralize the charge and the IEP will shift to the acidic region [22] and stabilize at a given pH value [21] . Regarding SiC powders, several studies have shown that the interaction of SiC particles with polyelectrolytes also decreases the IEP [21] . In this study we did not characterized the influence of adding Darvan C on the IEP of SiC powders but we can expect a better dispersability because of an IEP shift to pH values below 3.2 (SiC UF25) or 5.3 (SiC Marketech). Considering the aforementioned results, we decided to disperse our suspensions at a pH of 9 which was the natural pH developed in slurries containing Darvan C without adding NaOH. This value of 9 in the presence of Darvan C allows dispersing at a pH far from the IEPs of both powders that is 5.5 for alumina and well below 3.2 or 5.3 for SiCs UF25 and Marketeck, respectively.
Optimization of the Dispersion Conditions
During the preparation of the slurries by ball-milling, several parameters must be optimized. In our study, only the most critical were considered, namely (a) the amount of dispersant and (b) the solid content. In order to determine the optimal amount of Darvan C, viscosity measurements were carried out on slurries with 50 wt % dry matter and 5 vol % of SiC (UF25 or Marketech) containing different amounts of dispersant (in the range 0.06 to 1.00 vol %). Prior viscosity measurement, slurries were homogenized for 48 h (23 h only with alumina + 25 h after SiC addition). Figure 3 shows the evolution of the viscosity of alumina-SiC UF25 and Marketech slurries as a function of the shear rate for different concentrations of Darvan C. As expected, the amount of Darvan C has a direct influence on the viscosity, then on dispersing powders. The minimum viscosity was obtained for 0.20 vol % of Darvan C and the maximum for 0.06 vol %. Beyond 0.20 vol % of dispersant, an increase in the viscosity indicates that, regardless of the nature of the SiC powder used in this study (Starck UF25 or Marketech), 0.20 vol % of Darvan C seems to be the optimum amount of dispersant [20] . Marketech). Considering the aforementioned results, we decided to disperse our suspensions at a pH of 9 which was the natural pH developed in slurries containing Darvan C without adding NaOH. This value of 9 in the presence of Darvan C allows dispersing at a pH far from the IEPs of both powders that is 5.5 for alumina and well below 3.2 or 5.3 for SiCs UF25 and Marketeck, respectively.
During the preparation of the slurries by ball-milling, several parameters must be optimized. In our study, only the most critical were considered, namely (a) the amount of dispersant and (b) the solid content. In order to determine the optimal amount of Darvan C, viscosity measurements were carried out on slurries with 50 wt % dry matter and 5 vol % of SiC (UF25 or Marketech) containing different amounts of dispersant (in the range 0.06 to 1.00 vol %). Prior viscosity measurement, slurries were homogenized for 48 h (23 h only with alumina + 25 h after SiC addition). Figure 3 shows the evolution of the viscosity of alumina-SiC UF25 and Marketech slurries as a function of the shear rate for different concentrations of Darvan C. As expected, the amount of Darvan C has a direct influence on the viscosity, then on dispersing powders. The minimum viscosity was obtained for 0.20 vol % of Darvan C and the maximum for 0.06 vol %. Beyond 0.20 vol % of dispersant, an increase in the viscosity indicates that, regardless of the nature of the SiC powder used in this study (Starck UF25 or Marketech), 0.20 vol % of Darvan C seems to be the optimum amount of dispersant [20] . The particle size distributions (PSD), obtained in slips prepared using different amounts of Darvan C are displayed in Figure 4 . These figures corroborate the fact that a concentration of 0.06 vol % of Darvan C is not sufficient to disperse the powders well. Whatever the SiC employed, distributions for 0.06 vol % of dispersant were centered near 1.5 μm whereas from 0.20 vol % the main peak was centered around 1 μm. At this stage, in the two slurries (alumina/SiC UF25 or The particle size distributions (PSD), obtained in slips prepared using different amounts of Darvan C are displayed in Figure 4 . These figures corroborate the fact that a concentration of 0.06 vol % of Darvan C is not sufficient to disperse the powders well. Whatever the SiC employed, distributions for 0.06 vol % of dispersant were centered near 1.5 µm whereas from 0.20 vol % the main peak was centered around 1 µm. At this stage, in the two slurries (alumina/SiC UF25 or Marketech) a second peak in the PSD appeared near 150 nm, giving a bimodal PSD which can be related with the dispersed SiC particles. The addition of more than 0.20 vol % Darvan C did not improve the dispersion and promoted reagglomeration of fine particles in the case of SiC Marketech (the distribution became monomodal at 1.00 vol % of dispersant).
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Marketech) a second peak in the PSD appeared near 150 nm, giving a bimodal PSD which can be related with the dispersed SiC particles. The addition of more than 0.20 vol % Darvan C did not improve the dispersion and promoted reagglomeration of fine particles in the case of SiC Marketech (the distribution became monomodal at 1.00 vol % of dispersant). The good dispersion of SiC particles into the slurries was also confirmed by SEM from suspension drops which were deposited and dried on the sample holder. The SEM image of Figure 5 shows an example of a photomicrograph in the case of alumina/5 vol % SiC UF 25 system (0.20 vol % of Darvan C, 50 wt % dry matter, 48 h of ball-milling). SiC particles uniformly distributed within the matrix of alumina particles were observed. The same behavior was observed in alumina/SiC Marketech suspensions. The good dispersion of SiC particles into the slurries was also confirmed by SEM from suspension drops which were deposited and dried on the sample holder. The SEM image of Figure 5 shows an example of a photomicrograph in the case of alumina/5 vol % SiC UF 25 system (0.20 vol % of Darvan C, 50 wt % dry matter, 48 h of ball-milling). SiC particles uniformly distributed within the matrix of alumina particles were observed. The same behavior was observed in alumina/SiC Marketech suspensions. The good dispersion of SiC particles into the slurries was also confirmed by SEM from suspension drops which were deposited and dried on the sample holder. The SEM image of Figure 5 shows an example of a photomicrograph in the case of alumina/5 vol % SiC UF 25 system (0.20 vol % of Darvan C, 50 wt % dry matter, 48 h of ball-milling). SiC particles uniformly distributed within the matrix of alumina particles were observed. The same behavior was observed in alumina/SiC Marketech suspensions. The effect of the dry matter content on the rheological behavior and PSD of the alumina/SiC suspensions was only studied in alumina/SiC UF25 containing 1.00 vol % of Darvan C. Considering the very similar results obtained for the two SiC powders during the viscosity and PSD characterizations just showed above (50 wt % of dry matter), we can expect similar trends concerning the variation of viscosity with the quantity of suspended solids. Figure 6 shows the evolution of the viscosity as a function of the shear rate of three slurries containing 50, 60 and 70 wt % dry matter. This figure demonstrates that the viscosity increases with the amount of dry matter since the distance between particles decreases. To be used in the production of a green body through the slip-casting method, the slurry must have a viscosity of less than 60 mPa·s at low shear rate. If the viscosity at low shear rate (corresponding to the state of rest during casting) is too high, the suspension can destabilize at the beginning of setting and flocculate. This would result in a different sedimentation rate between the bottom and the top of the casting [23] and, consequently, in non-homogeneous green bodies. This was the case for slips with solid contents of 60 and 70 wt % (1.00 vol % of Darvan C), hence the value of 50 wt % dry matter was selected for developing ceramics to be used in creep tests. The effect of the dry matter content on the rheological behavior and PSD of the alumina/SiC suspensions was only studied in alumina/SiC UF25 containing 1.00 vol % of Darvan C. Considering the very similar results obtained for the two SiC powders during the viscosity and PSD characterizations just showed above (50 wt % of dry matter), we can expect similar trends concerning the variation of viscosity with the quantity of suspended solids. Figure 6 shows the evolution of the viscosity as a function of the shear rate of three slurries containing 50, 60 and 70 wt % dry matter. This figure demonstrates that the viscosity increases with the amount of dry matter since the distance between particles decreases. To be used in the production of a green body through the slip-casting method, the slurry must have a viscosity of less than 60 mPa·s at low shear rate. If the viscosity at low shear rate (corresponding to the state of rest during casting) is too high, the suspension can destabilize at the beginning of setting and flocculate. This would result in a different sedimentation rate between the bottom and the top of the casting [23] and, consequently, in non-homogeneous green bodies. This was the case for slips with solid contents of 60 and 70 wt % (1.00 vol % of Darvan C), hence the value of 50 wt % dry matter was selected for developing ceramics to be used in creep tests. It should be emphasized here that an amount of dispersant above the optimum value (0.20 vol %) was selected in order to slightly coagulate the system. In fact, it is well known that as the amount of dispersant in excess cannot be attached to the surface of particles, it remains in the aqueous phase. This non-adsorbed polyelectrolyte would disturb the electrostatic forces and lead to a phenomenon of particle coagulation and, as a consequence, to an increase of the viscosity [22] . As we are processing ceramics through slip-casting, the amount of dispersant was increased to avoid the segregation of alumina and SiC particles. Thereby, for processing ceramics for creep tests, we used 1.00 vol % of Darvan C instead of 0.20 vol %. In this manner, we were able to produce very homogenous ceramics without compositional gradients along the direction of slip-casting.
Conventional Sinstering of Alumina/SiC Composites
Preliminary sintering experiments performed on all alumina/5 vol % SiC systems described in the previous section showed that it was impossible to densify composites well using conventional sintering when the finer SiC powder (Marketech) was used. This behavior can be related to the very fine size of SiC particles (60 nm) since densification is hindered by the extremely large number of nanoparticles located at the alumina grain boundaries. For this reason and due to the fact that creep analysis requires samples with high density, the use of SiC Marketech was stopped at this point of the study. The results obtained on alumina/5 vol % SiC UF25 micro-nanocomposites and summarized in Table 2 show the effect of the dispersion conditions on the densification and the microstructure. It should be emphasized here that an amount of dispersant above the optimum value (0.20 vol %) was selected in order to slightly coagulate the system. In fact, it is well known that as the amount of dispersant in excess cannot be attached to the surface of particles, it remains in the aqueous phase. This non-adsorbed polyelectrolyte would disturb the electrostatic forces and lead to a phenomenon of particle coagulation and, as a consequence, to an increase of the viscosity [22] . As we are processing ceramics through slip-casting, the amount of dispersant was increased to avoid the segregation of alumina and SiC particles. Thereby, for processing ceramics for creep tests, we used 1.00 vol % of Darvan C instead of 0.20 vol %. In this manner, we were able to produce very homogenous ceramics without compositional gradients along the direction of slip-casting.
Preliminary sintering experiments performed on all alumina/5 vol % SiC systems described in the previous section showed that it was impossible to densify composites well using conventional sintering when the finer SiC powder (Marketech) was used. This behavior can be related to the very fine size of SiC particles (60 nm) since densification is hindered by the extremely large number of nanoparticles located at the alumina grain boundaries. For this reason and due to the fact that creep analysis requires samples with high density, the use of SiC Marketech was stopped at this point of the study. The results obtained on alumina/5 vol % SiC UF25 micro-nanocomposites and summarized in Table 2 show the effect of the dispersion conditions on the densification and the microstructure. With regard to the densities obtained after shaping and sintering, it is observed that the state of dispersion influenced the final characteristics of sintered samples highly as follows:
• Increasing the percentage of dry matter beyond 50 wt % promoted a decrease in the green density and consequently in the final density of samples.
•
The amount of Darvan C had a direct influence on the densities reached before and after sintering. Samples obtained from well-dispersed suspensions (0.50 or 1.00 vol % Darvan C) exhibited higher densities than samples obtained from poorly dispersed suspensions (0.06 vol % Darvan C).
In addition, increasing the sintering temperature resulted in higher final density and alumina grain size, especially in materials processed from 60 and 70 wt % dry matter slurries.
In the remainder of this article, the following notation will be used: The microstructures obtained on some selected pressureless sintered materials are shown in Figure 7 . For a sintering temperature of 1800 • C, very dense materials were prepared from suspensions dispersed using optimized processing conditions (DM 50 DC 1 , Figure 7a ) or even at lower Darvan C concentration (MS 50 DC 0.5 , Figure 7d ). The relatively low densification of samples DM 60 DC 1 , MS 70 DC 1 or DM 50 DC 0.06 (see Table 2 ) is corroborated by the presence of a considerable amount of pores as observed in Figure 7b -e, respectively). The effect of increasing the sintering temperature by 60 • C is almost imperceptible, only alumina grain sizes changed from d mean = 3.7 ± 1.5 to 4.4 ± 2.2 µm (DM 50 DC 1 , Figure 7a ,f , respectively). With regard to the densities obtained after shaping and sintering, it is observed that the state of dispersion influenced the final characteristics of sintered samples highly as follows:
In the remainder of this article, the following notation will be used: The microstructures obtained on some selected pressureless sintered materials are shown in Figure 7 . For a sintering temperature of 1800 °C, very dense materials were prepared from suspensions dispersed using optimized processing conditions (DM50DC1, Figure 7a ) or even at lower Darvan C concentration (MS50DC0.5, Figure 7d ). The relatively low densification of samples DM60DC1, MS70DC1 or DM50DC0.06 (see Table 2 ) is corroborated by the presence of a considerable amount of pores as observed in Figures 7b,c,e, respectively) . The effect of increasing the sintering temperature by 60 °C is almost imperceptible, only alumina grain sizes changed from dmean = 3.7 ± 1.5 to 4.4 ± 2.2 μm (DM50DC1, Figures 7a,f, respectively) . A closer microstructural observation shows that materials developed by conventional sintering were of the inter-intragranular type, with SiC particles located at the grain boundaries and inside alumina grains (Figure 8 ). 
Creep Behaviour
For creep analysis, composites were prepared using the optimized processing conditions (DM50DC1) and sintered conventionally at 1800 °C-2 h. These ceramics were characterized by a final A closer microstructural observation shows that materials developed by conventional sintering were of the inter-intragranular type, with SiC particles located at the grain boundaries and inside alumina grains (Figure 8 ). A closer microstructural observation shows that materials developed by conventional sintering were of the inter-intragranular type, with SiC particles located at the grain boundaries and inside alumina grains (Figure 8 ). 
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For creep analysis, composites were prepared using the optimized processing conditions (DM 50 DC 1 ) and sintered conventionally at 1800 • C-2 h. These ceramics were characterized by a final density >~99%, alumina grain size of d mean = 3.7 ± 1.5 µm and SiC grain sizes ranging from~0.1 to~0.5 µm. Figure 9 shows creep results obtained at 1200 • C in the stress range 70-140 MPa. The curves exhibit only primary creep and steady-state creep regions (no tertiary creep region was observed). Moreover, samples were not fractured after 60 h of test. The evolution of the strain rate over time shows that after about 40 h, the strain rate became approximately constant. This allowed us to define a stationary rate of deformation. Table 3 summarizes different strain and strain rate after 60 h of test. As expected, deformations and creep rates increased with the stress.
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Ceramics 2018, 1, x FOR PEER REVIEW 11 of 13 density > ~99%, alumina grain size of dmean = 3.7 ± 1.5 μm and SiC grain sizes ranging from ~0.1 to ~0.5 μm. Figure 9 shows creep results obtained at 1200 °C in the stress range 70-140 MPa. The curves exhibit only primary creep and steady-state creep regions (no tertiary creep region was observed). Moreover, samples were not fractured after 60 h of test. The evolution of the strain rate over time shows that after about 40 h, the strain rate became approximately constant. This allowed us to define a stationary rate of deformation. Table 3 summarizes different strain and strain rate after 60 h of test. As expected, deformations and creep rates increased with the stress. The stress exponent n, calculated from steady-state creep rates obtained after 60 h was close to the unit (n = 1.2, see Figure 10 ), suggesting that the creep was controlled by a diffusional mechanism either at the grain boundaries (Coble diffusion) or in the matrix (Nabarro-Herring diffusion) associated with a creep sliding mechanism at the grain boundaries [24] . It should be noted that compared to previous creep rates already reported on hot-pressed alumina/5 vol % SiC materials [3, 4, 25] comparable values were obtained here. The highest steady-state creep rate of 1 × 10 −10 s −1 for alumina/SiC composites has been obtained in hot-pressed alumina/17 vol % SiC composites tested at 1200 • C under 100 MPa (see Table 4 ) [2] . As in our samples, these composites exhibited inter/intragranular SiC positioning but, surprisingly, our fabricated materials which contained a lower quantity of SiC and were conventionally sintered also showed excellent creep resistance. 
Conclusions
Effective stabilization of alumina/5 vol % SiC slurries was carried out using an ammonium salt of polymetacrylic acid (Darvan C) as anionic dispersant. The IEP shifted to the acidic pH range on alumina-polyelectrolyte and SiC-polyelectrolyte aqueous suspensions when 0.20 vol % of Darvan C was added. This shift allowed the stabilization of alumina/5 vol % SiC slurries at the natural pH of 9, avoiding in this manner the use of additional base or acid for adjusting the pH. Moreover, the study of the Darvan C amount and the dry matter content on the stabilization of alumina/5 vol % SiC suspensions demonstrated that 0.20 vol % of Darvan C with 50 wt % of dry matter were the optimized conditions to obtain well-dispersed slurries. Nevertheless, a dispersant content increase up to 1.00 vol % of Darvan C was necessary to develop homogeneous alumina/5 vol % SiC composites by slip-casting. Increasing the dispersant concentration allowed preparing slurries with higher viscosity that prevented SiC particle segregation during the shaping process. The sintering and creep results presented here demonstrate that it is possible to use inexpensive techniques such as slip-casting and pressureless sintering in the development of highly dense and creep-resistant alumina/SiC micro-nanocomposites. Nevertheless, if very fine SiC particles are employed or if the quantity of SiC is too high, the use of pressureless sintering seems to be compromised. 
